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SUMMARY 

Neasurements of atmosphere-refJected r a d i a t i o n  w e r e  conduzted 
on Cosmos-65 i n  the  region 2250-3070 A with a reso lu t ion  of 1 5 A .  
Two s p e c t r a  are brought out i n  the work: the  typical spectrum and the  
spectrum with m a x i n w  readings,  Both were observed near the equator with 
the  Sun near eenith.  

observed, first of a l l ,  a s i g n i f i c a n t  number of d e t a i l s  of which the  corrpn- 
t e d  s p e c t r a  are devoid. The reason f o r  t h i s  is because the  computed curves 
were p lo t t ed  by a solar spectrum averaged in the  100 i n t e r v a l  and thus 
considerably smoothed out, Fundamentally, however, the course of observed 
s p e c t r a  and of the  computed, j u s t  86 t h e i r  absolute  i n t e n s i t i e s ,  coincide. 
Some d i s t i n c t i o n s  2 x i s t  on t h e  edges of t h e  spec t ra :  no rise could be de- 
t e c t e d  a t  h < 2400 A ,  whereas the  drop a t  A N  2950 1 was found t o  be less  
s t e e p  than might have been expected from the  computed curves. 

photometric observations on rockets  and satel l i tes .  

When comparing t h e  observed spectra with t h e  computed, there  is 

Comparison i s  made of the measured s p e c t r a  with t h e  r e s u l t s  of 

* * 
An u l t r a v i o l e t  spectrophotometer w a s  i n s t a l l e d  on the  AES Cosmos-65 

f o r  measurement of solar r ad ia t ion  r e f l e c t e d  by the  atmosphere, The o p t i c a l  

axis of the  device w a s  o r ien ted  a t  an angle of 7' t o  the  d i r ec t ion  a t  nadir.  
The o r b i t  of the  s a t e l l i t e  had an i n c l i n a t i o n  of 65' t o  equa to r i a l  plane. 

A de ta i l ed  descr iFt ion of the  a p p r a t u s  may be found in the  work El]; 
here we s h a l l  only r e c a l l  some of i ts c h a r a c t e r i s t i c s  with reference t o  the 

u l t r a v i o l e t  spectrophotometer. It c o n s t i t u t e s  a dual d i f f r a c t i o n  nonochro?i1a- 
t o r  ope ra t in r  i n  the region 2250- 3070 i. The reso lu t ion  of t he  device is 

15 and the  e f fec t ive  v i s u a l  angle is 2.5 s t e r .  ; reading time: 1 nin .  
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2. 

The apparatus w a s  switched on at  t h e  daytime s i d e  of the  Earth. 

Nearly 2500 spectra were obtained in t h e  course of t h e  f l i g h t .  Their  regis- 

t r a t i o n  w a s  conducted w i t h  t he  aid of a galvanometer osci l lograph on a 

movie f i lm .Theu l t r av io l e t  spectrum w a s  registered by two loops of d i f f e r e n t  

s e n s i t i v i t y ;  the latter 's ra t io  w a s  aboat 1 t o  3. The energy d i s t r i b u t i o n  
i n  the  u l t r a v i o l e t  spec t r a  v a r i e s  not  only with t h e  z e n i t h a l  d i s tance  of t he  
Sun b u t  a lso  on t he  geographic l a t i t u d e  

l inked with localozone aoncentrations. In i ts  longwave p a r t  t h e  shape of 
t he  spectrum is a l s o  inf luenced by t he  cloudiness, f o r  at  1 >2950 a 

notable  p a r t  of s o l a r  l i g h t  reaches the  lower l a y e r s  of t he  atmosphere, which 

l e a d s  t o  albedo increase.  

and from place t o  place,  which is 

I n  s p i t e  of the  v a r i e t y  of t he  enumerated f ac to r s ,  most of the  spec- 

t ra  obtained i n  similar conditions, have a l ike s t ruc tu re ,  Below w e  s h a l l  

compare and d iscuss  two s p e c t r a  obtained 
weather : 1 ) t y p i c a l  spectrum, 2) spectrum with maximum observed i n t e n s i t i e s .  

The first c o n s t i t u t e s t h e b u l k  of s p e c t r a  obtained i n  the  t r o p i c a l  zone, t he  
second ones are encountered r a the r  seldom (by about a 

the equa to r i a l  region i n  c l e a r  

f a c t o r  of 20) .  

We could judge on the  character of nebulosi ty  in the  region of ul-  

t r a v i o l e t  spectrum measurement n o t  only from meteorological da t a  but a l s o  

the  readings of t he  photometer operatinE i n  the region 0.6- 0.85r  , the  

l a t t e r  beinF a p a r t  of our airborne apparatur;.The registrograms of both 

s p e c t r a  are p l o t t e d  i n  Figs. 1 a 
transposed i n t o  absolute  un i t s .  To  t h a t  e f f e c t  we had t o  introduce the  cor- 

r e c t i o n s  f o r  t he  dependence of apparatus' s e n s i t i v i t y  on wavelength a d  on 
scale's nonl inear i ty .  

and 6, whereas Fig. 2 shows the  same curves 

The c a l i b r a t i o n  of the device w a s  performed in t he  same fashion as 
i n  the  case of AES Cosmos-5 [l], t h a t  is, with the  he lp  of two s tandard lamps 

with uv io l  windows, a standard incandescence & d e  and a hydrogen l a p .  Thus 
a s u f f i c i e n t l y  hizh prec is ion  was a t t a ined  when determining the  r e l a t i v e  
s p e c t r a l  s e n s i t i v i t y  of the  apparatus. The determination o f  the  absolute  

s e n s i t i v i t y  w a s  rendered more co mplex by the  fact  t h a t  the  u t i l i z e d  s tan-  
dard sources of l i g h t  d i d  not f i l l  t he  e n t i r e  aper ture  of t he  spectrophoto- 

neter .  This l e d  to a c e r t a i n  reconversion, which diminished the  prec is ion  

of the  reduction t o  about 25 percent. 
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The t h e o r e t i c a l  computation of t he  spectrum of u l t r a v i o l e t  rad ia t ion ,  

r e f l e c t e z  by the  Earth's atmosphere, w a a  conducted by a series of authors. 

Fig. 1 a. : 
I '  

Noise l e v e l  by 
sens i t i ve  scale  

osci l lograph zero. 

Fig, 16 
>le p lo t t ed  in Fig. 3 respect ively the  Chapman curve 2 L21, t he  Green 

curve 5 [3;] and tbe  curve 4 from ref. L41. All these s p e c t r a  were computed 
f o r  8 zen i tha l  dis tance of the Sun equal t o  zero for a vertically-upward 

out  -oing rad ia t ion ,  

The observed spec t r a  of F i g . 2  have a grea t  number of s t r u c t u r a l  
d e t a i l s  not ava i lab le  on the  calculated curves. This  is due t o  the f a c t  t h a t  
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Fig. 2 

F i g .  4. 
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when o2tainir.g the eoqxated curves we z t i l i z e d  a solar rsyactrm averaged 

over wide in t e rva l s  i n  100 A; moreover, the computed curves were p lo t ted  
by points  separated by in t e rva l s  of about the same magnitude. For comparison 
we  brought out i n  Fig. 3 a typ ica l  observed spectrum, averaged fo r  100 

i n t e r v a l s  (curve 1). The spectra  3 and 4 are fairly close t o  the spectrum 
obtained by us, the  spectrum 2 exceeds i t  by about 3 times and exceeds even 
the maximum spectrum of Fig .2 .  In s p i t e  of the analogy between the observed 

spectrum, averaged i n  l O O i  in tervals ,  and the computed spec t ra  [3, 41, 
some discrepancies should be noted. In our spectra,  we f a i l e d  t o  detect  any 

tendency t o  r i s e  a t  3 - 2?5p was 

found t o  be less steep, which may have been expected from the computed curves. 
< 240p . Later, the spectrum drop a t  

The u l t r av io l e t  spectrum ref lec ted  by the atmosphere is determined 
mainly by v e r t i c a l  d i s t r ibu t ion  of ozone, and t h i s  is why the discrepancies 

between the r e s u l t s  of measurements and various computations will always 

take place on account of the difference in the v e r t i c a l  d i s t r ibu t ion  of osone, 
assumed in the  calculat ions and factual ly  observed at points of measurement. 

In order t o  determine the s p e c t r a l  albedo of the t e r r e s t r i a l  atmo- 
sphere, i t  is necessary t o  compare the observed spec t ra  with the solar spec- 
trum. Spectra of the Sun, borrowed from t h e  worke [5-73 and averaged 

over 15 A in te rva ls ,  are  plot ted i3 Fig.4. The absolute standardization of 

these spec t ra  was performed on the basis of so lar  spectrum measurements i n  
the near-ultraviolet  by Dunkelman and Scolnik C8I. Similar measurements were 
recent ly  car r ied  out by G. F, Si tn ik  E93 ,% "hs tained for the solar constant 

2 a value of 2.00 cal/cn 

0 

min., close t o  the Johnson r e s u l t ,  but on the bas i s  

of d i f fe ren t  values of ul t rav io le t  and infrared corrections. The Sitnib: measu- 
rements in the u l t r av io l e t  re@on give values of absolute in t ens i ty  of solar 
rad ia t ion  30 percent lower than those of C8J. These values are closer  t o  

the  earlier measurements by P e t t l t  [lo]. During the analysis of atmosphere 
spectra ,  the absolute values of SOlaF rad ia t ion  in tens i ty ,  borrowed from 
[ 5  - 73 and plo t ted  i n  Fig. 4, were multiplied by 0.7. 

Comparison of the solar spectrum with those of the  atmosphere, obtained 

with about i den t i ca l  resolution, a l lows t o  detect  a great analogy i n  the 
s t ruc tu re  of both spectra. Their d e t a i l s  are ident ica l ;  however, the  drop in 
atmosphere spec t ra  with wavelength decrease is much s teeper  than i n  the so la r  

spectrum, which is induced by r i s e  of absorption by ozone. 
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!.hen comparing the spec t ra  i t  is poss ib le  t o  a s c e r t a i n  that var ious 
d e t a i l s  of the s o l a r  s p e c t r a  recur i n  the  atmosphere s p e c t r a  w i t h  a differ-  

e n t  degree of c l a r i t y ,  Moreover, i n  d i f f e r e n t  atmosphere s p e c t r a  even iden- 
t i c a l  d e t a i l s  a r e  not  always proportional.  This  is p a r t l y  explained by the  
f a c t  t h a t  the  device's  o u t l e t  slit s h i f t s  by s t e p s  of 101 and not cont i -  

nuously, while performing the  spectrum reading, and has with in  the  7 i  l i m i t s  
a c e r t a i n  clearance. Another cause c o n s i s t s  in the  c h a r a c t e r i s t i c  v a r i a t i o n  

of t h e  ozone layer.  
\?hen varying near the ozone band maximum t he  l i g h t  fluxes were near 

threshold,  This  is why the  measurements i n  t h i s  region are beset w i t h  notable 

e r r o r s .  A t  measurements of  small s i g n a l s  t he  e r r o r s  increase on account of 
n o i s e i n s t a b i l i t y  e f f e c t ,  device's non l inea r i ty  a t  small s i g n a l s  and also 

because the  s i g n a l  a d  t he  noise are compunded as squares, Although the  last 
two f i c t o r s  w e r e  taken into account during ana lys i s  of spec t ra ,  i t  d id  not 
f u l l y  prevent t he  e r r o r s  from increasing. 

The atmosphere albedo monotonically decreases in the  region invest iga-  

t e d  as the wavelength diminishes; t h i s  is due t o  absorpt ion by ozone. 

Compiled below are t h e  nean albedo values  for 100 A i n t e rva l s .  In order t o  
ob ta in  the  albedo we must know t h e  atmosphere's s c a t t e r i n g  i n d i c a t r i x ,  which 

i s  dependent on the v e r t i c a l  d i s t r i b u t i o n  of ozone and whose ca l cu la t ion  is 
r a t h e r  cumbersome. T h i s  is why we assume f o r  s impl i c i ty  the atmosphere t o  be 

here d i f fus ive ly- ref lec t ing  

0 

A,  t 2600 2800 2850 2900 2950 
a, % 0.1 0,115 0.135 0.16 0,215 

The spec t r a  obtained by us may be compared with the e a r l i e r  conducted 

photometric measurements aboard rocke ts  and satellites. The r e s u l t s  obtained 

by Hennes e t  a1 [ll] and Friedman e t  a1 [E?] are brought out i n  Fig. 3 .  
A l i q h t  f i l t e r  with transmission naximum at 2600 A and a t  curve width ha l f  

way from transmission maxinum of 100 A was u t i l i z e d  i n  [ll]. I n  [12) the  

l i g h t  f i l t e r ' s  transmission maximum w a s  at 2550 A, and the  curve width h e l f -  
way from t ransniss ion  maximum of 140 A. The zen i tha l  dis tance from the Sun 

during these measurements w a s  respec t ive ly  of 22 and 49'. 
w a s  equal t o  5 10-3 ere/c$ sec s te r  A, t h a t  of [12] - 
sterad ..A. These values  may be approximately reconverted f o r  t he  case when the  

Sun is at  zeni th ,  

0 

0 

0 

0 

The r e s u l t  of [ll] 
er:? .cm2.sec* 

0 
2 

0 
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we ob ta  

7. 

Ap3fyhg t he  method of c31 aad assuming t h a t  the  percent of ozone 

i n  the  air does not vary with height  above 40 k m  (parameter v =  11, 
n 

1 + cos2e 
i + s c c e  IO = lo 

I n  t h i s  case t h e  measurements of [ll] must have given 5 loo3 erg. 
0 

c d - s e c . s t e r . 8  , and those of c121 - 
quan t i ty  would have been equal  t o  3.25 lom2. 

3.5 1o02erg/cm2* s e c * s t e r *  i 
A t  V = 0.66, which s a t i s f i e s  b e s t  t he  r e s u l t s  of l 121 , the  last 

The measurenents of [ll] 
agree r n t h e r  w e l l  w i t h  our own; a s i g n i f i c a n t  pa r t  of s p e c t r a  obtained by us  
for s m a l l  zen i tha l  d i s tances  from t he  Sun, had readings -5 loo3 erg/cznz* s e c  
s t e r a d  i n  the  region 2600 A. Heasurements of [E!] exceed s u b s t a n t i a l l y  
the  i n t e n s i t y  maxima obtained by us in the  region 2550 1. 

0 
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